Ninety-four samples of Asturian natural cider were analyzed for titratable and volatile acidities, pH, alcoholic, total polyphenol, and acidic polysaccharide contents, nonvolatile acids, polyalcohols, residual sugars, and major volatile compounds. A partial least-squares regression analysis (PLR-1) was performed to correlate the chemical composition and the origin of the raw material, the cider samples being grouped into two categories: an "odd" class, cider made from foreign apples (1995 and 1997), and an "even" class, ciders made from Asturian apples (1996 and 1998). The mathematical model has a multiple linear correlation coefficient of 80%.
INTRODUCTION
In Europe, the term "cider" refers to the fermented beverage obtained from apples. Cider making constitutes an important industry, the greatest producer being the U.K., followed by Ireland, France, and Spain. Asturias, which is located on the Atlantic coast of northern Spain, is the country's leading cider-producing region (ca. 80% of the total) (IFR, 1997) .
The Spanish Alimentary Code (BOE, 1979 ) defines cider as a drink made from the partial or complete fermentation of the juice of fresh apples or concentrated apple juice, with a minimum alcoholic proof of 4% (v/v) . This definition includes two different kinds of drinks. The first, sparkling cider, is made from concentrated apple juice and/or fresh apple must, the addition of sugars and carbon dioxide being permitted, as well as the use of different stabilization processes. The production of sparkling cider in Asturias is ca. 50 million liters per year.
The second beverage, referred to as "natural cider", is made according to traditional methods, which imply, among other practices (such as the prohibition of addition of sugars and CO 2 ), the exclusive use of juices obtained from the pressing of cider apples. This limitation for the natural cider-making process affects its production, which depends largely on the availability of the raw material. In Asturias, the cider apple tree is a biennial crop, meaning that every two years cider is basically made from Asturian varietal must (odd years), while in the even years, the raw material is provided by other Spanish regions, Galicia, and other countries, France and Eastern Europe. Despite this situation, natural cider making is an important industry, with an average yearly production of close to 40 million liters.
Asturian natural cider presents differences when compared to French or English cider. It is dry and acidic, with a balanced aroma described as fresh, cidery, and vinegary (Picinelli, 1999) , while French cider is bittersweet with apple-like flavors. Most of the cider sold in the U.K. is a clear, carbonated product with varying degrees of sweetness and an alcohol content that ranges from 1.2% to 8.5% (Lea, 1995) .
The kind and dynamics of the populations of microorganisms usually present during the alcoholic and malolactic fermentation of Asturian natural cider have been studied and characterized by our research team (Cabranes et al., 1990 (Cabranes et al., , 1997 Salih et al., 1990) . We have also studied the changes in sugars, organic acids, and major volatile compounds during the fermentation of apple must and their influence on the cidermaking technology employed (Blanco et al., 1991; Mangas et al., 1993 Mangas et al., , 1994 . However, there is a lack of written information on the chemical composition of commercial Asturian natural cider. Most of the information available on cider composition comes from the work done at the Long Ashton Research Center until the 1980s, e.g., volatile profiles (Williams and May, 1981; Williams and Tucknott, 1971, 1978) and procyanidins (Lea and Timberlake, 1974) .
In this paper we present the chemical composition of Asturian natural ciders elaborated during the last four years and the influence of the raw material (geographic origin).
MATERIALS AND METHODS
Samples. Natural cider samples (94) were collected from their respective cider-makers' cellars, analyzed for global parameters, and frozen (-20°C) until instrumental analyses.
Global Parameters. Total and volatile acidities, pH, and SO 2 and alcoholic contents were measured according to official methods (AOAC, 1984) . Total polyphenol analyses were conducted using the Folin-Ciocalteu method (Montreau, 1972) ; acidic polysaccharides were obtained by the method optimized elsewhere (Mangas et al., 1999) .
Sugars. Analyses of residual sugars and polyalcohols (fructose, glucose, sucrose, glycerol, and sorbitol) were performed on an HPLC system (Waters Chromatography Division, Milford, MA) equipped with a 510 pump, a WISP 712 automatic injector, provided with a temperature controller, a 410 refractive index detector, and a Millenium v.2.0 software module. Separations were carried out on a cationic exchange column (Sugar-Pak I, Waters) according to the method optimized by Blanco et al. (1988) .
Nonvolatile Acids. Organic acids (shikimic, malic, lactic, acetic, succinic, and ascorbic) were analyzed on the same HPLC system, though provided with a DAD 996 diode-array detector. Separations were carried out on a Spherisorb ODS-2 column (250 × 0.46 mm i.d., 3 µm, Teknokroma, Barcelona, Spain) using 0.01 M potassium dihydrogen phosphate (pH 2.6) in isocratic mode (0.5 mL/min). Detection was performed at 206 and 245 nm. The temperature of analysis was 40°C. Samples were filtered through a 0.45 µm cellulose acetate filter and injected (10 µL).
Volatile Compounds. Analyses of major volatile compounds (acetaldehyde, ethyl acetate, methanol, 1-propanol, isobutanol, 1-butanol, amylics, ethyl lactate + hexanol, and 2-phenylethanol) were carried out by GC using a 5890 HewlettPackard system provided with a flame ionization detector (FID) and a TR-FFAP column (30 m × 0.53 mm, 1 µm thickness phase) protected with a 1 m TR retention gap (Teknokroma, Barcelona, Spain), inserted into a split/splitless injector (splitless time 1 min), with helium (3 psi) as carrier gas. The temperature gradient was as follows: isothermal step at 40°C for 4 min and then programmed at 4°C/min to 60°C, and at 10°C/min to 220°C. The injector temperature was 240°C
, and the detector was operated at 275°C. Quantification was carried out by the external standard method. Samples were filtered through a 0.45 µm cellulose acetate filter and injected (1 µL).
Statistical Analysis. The data were analyzed for the difference of means between years using the SPSS program (SPSS, 1994) , a significance level of 5% being selected. Subsequently, the ciders were categorized for multivariate analyses into two groups according to the years of consumption: in the "odd" class, natural ciders made from foreign apples (1995 and 1997) and, in the "even" class, ciders made from Asturian apples (1996 and 1998). Thus, a one-factor experiment (category) with two replicates in each group (years) was considered. Partial least-squares regression analyses (PLSR) were performed with the PARVUS statistical package (Forina et al., 1988) . A data matrix was structured with 94 rows representing cider samples, and 22 columns representing the chemical variables (total and volatile acidities, alcoholic content, total polyphenols, pH, malic, shikimic, lactic, acetic, and succinic acids, fructose, glycerol, sorbitol, acetaldehyde, ethyl acetate, methanol, 1-propanol, isobutanol, 1-butanol, amylics, ethyl lactate + hexanol, and 2-phenylethanol). A binary response (Y) was defined: Y ) 1 for the odd class (O), and Y ) 2 for the even class (E). The data were autoscaled before statistical treatment.
RESULTS AND DISCUSSION
Samples were analyzed over a four year period in which ciders elaborated from Asturian apples in the odd years (consumed in 1996 and 1998) and ciders made from blends of Galician and French apples in the even years (consumed in 1995 and 1997) were included. The values for titratable and volatile acidities, pH, and alcohol, total polyphenol, and acidic polysaccharide contents are presented in Table 1 , together with the results of the analyses of the difference of means (Duncan test, with a confidence interval of 5%).
Polyphenols are important for flavor and for avoiding microbiological spoilage. Due to the decline in the consumption of cider in the past in Asturias, many cider apple orchards were abandoned or substituted by dessert apple varieties, thus contributing to the lack of valuable bitter varieties, even though the usual traditional orchard practices, with poor nitrogen fertilization, yield high phenolic levels in apples (Lea and Beech, 1978) . Mean values were significantly higher for samples from 1995, while those from 1998 were the lowest. However, no significant differences were found between the other two groups of ciders (1996 and 1997) .
Acidic polysaccharides or pectin contents varied widely. Their presence in ciders is usually related to the apple ripeness (Mangas et al., 1998) , the prefermentative technology, and the action of microorganisms during the biotransformation of fruit. The acidic polysaccharide level is one of the most relevant variables exerting a great influence on cider foaming properties (Mangas et al., 1999) , these latter being important aspects of the sensory evaluation of ciders. Significant differences for mean values were observed between years (t ) 3.87, p < 0.001).
Ethanol is the major volatile component of alcoholic beverages. In ciders, it gives body, reduces apparent acidity, increases sweetness, and has an overall smoothing effect on other taste characteristics (Williams, 1972) . The alcoholic content in samples ranged between 5.0% and 7.0% (v/v) ( Table 1) . Values for the 1998 consumption season were the lowest. These values might be related to climatic conditions during the harvest year (1997) . The levels of rainfall in Asturias from June to September (maximum development of the fruit) in 1997 were 20% higher than those observed in the other years.
One characteristic of Asturian natural cider is the relatively high value of volatile acidity. However, high volatile acidity is not always objectionable, being appreciated in some cases (Picinelli, 1999) . In contrast, other ciders presented an unpleasant acetic taint with values of volatile acidity lower than 0.80 g/L, possibly due to the presence of other volatile acids, mainly shortchain fatty acids (Williams and Tucknott, 1971) . Apparently, acetic acid is more penetrating in thin ciders of low acidity than in a full-bodied, fairly acidic one (Whiting, 1973) . Table 2 summarizes the residual sugar, polyalcohol, and organic acid contents. Of the sugars analyzed (glucose, sucrose, and fructose), only fructose was found, with mean values lower than 1 g/L, since fermentation is always complete. A sweet taste is considered as a defect in Asturian natural cider; thus, great concern is taken by cider makers to guarantee the consumption of the sugars present in the must. Mean values for fructose were significantly higher in the ciders from 1996.
Concentrations for polyalcohols such as sorbitol and glycerol varied greatly, in accordance with expected values (Lee and Wrolstad, 1988) . Sorbitol is the main polyalcohol synthesized in the leaves of apple trees and converted into sugars in the fruit. Typical values for sorbitol contents in apple juices range between 3 and 8 g/L. It is not used by microorganisms during the fermentation process, and it contributes to the palate fullness of ciders (Pollard et al., 1966) . Differences for mean values of sorbitol contents were significant between years (Table 2) .
Glycerol is a secondary product of alcoholic fermentation and contributes to smoothness and roundness on the palate. No significant differences between years were found. Low levels or the absence of glycerol in fermented beverages is usually related to microbiological disorders caused by lactic acid bacteria (LAB), and has a negative influence on the sensory quality of ciders.
Carboxylic acids are important constituents of apple juice (malic, quinic, and shikimic acids) and cider (lactic, acetic, and succinic acids). Their concentrations determine pH and affect the flavor of ciders and their susceptibility to microbial spoilage. Malic acid, the main acid in apples, was present as a residual acid in all the analyzed ciders (contents found were lower than 200 mg/ L, Table 2 ). This acid is converted into lactic acid, the major acid in natural ciders, by LAB (malolactic fermentation). This secondary fermentation decreases acidity/astringency and contributes positively to the microbiological stability of natural ciders. Quinic and shikimic acids are usually reduced to dihydroshikimic acid by LAB, and their concentrations decrease during cider maturation. Shikimic acid ranged from not detected (ND) to more than 40 mg/l, these differences not being significant at the 5% level (Table 2 ). Succinic acid is the main carboxylic acid produced by yeasts in the course of alcoholic fermentation. High values are related to a strong salty-bitter flavor. The highest contents were observed in the 1995 samples, and the lowest were found in the ciders from 1996.
Acetic acid formation may occur at all stages of cider making as a result of different microorganisms metabolizing a range of substrates. Traditionally, apple juice fermentation is carried out by the indigenous flora, and the formation of acetic acid by apiculate yeasts during the initial stages of fermentation is predominant in all the Asturian cider cellars analyzed elsewhere (Cabranes, 1994) . During the maturation and storage of cider, LAB and acetic acid bacteria continue their activity, but only 3% of the cider analyzed showed acetic acid contents higher than 2.20 g/L, thus being unsuitable for consumption.
Volatile components play an important role in the quality of fermented beverages. The fusel alcohol fraction is made up of aliphatic and aromatic alcohols (namely, 1-propanol, isobutanol, isoamyl and active amyl alcohols, and 2-phenylethanol). Production of higher alcohols is influenced by the composition of the medium, the prefermentative clarification technique, and the fermentation process (temperature, aeration, yeast strain). Major volatile profiles are characterized by the presence of high levels of 2-phenylethanol and amyl alcohols (Table 3) . Both are normal components in fermented beverages; the first is associated with floral and fragrant aromas (ASTM, 1985) , while isoamyl and active amyl alcohols contribute to defining the round complex aroma of fermented beverages, if present in moderate amounts. The sum of the amyl alcohol contents was, in general, lower than 300 mg/L, a value above which the sensory quality of fermented beverages can be negatively affected. The values found in Asturian natural ciders were in accordance with previous reports for English ciders (Pollard et al., 1966 ) but higher than those of French ciders (Leguérinel et al., 1987) . The French cider-making process is characterized by prefermentative clarification and incomplete fermentation, which may account for the lower levels of fusel alcohols observed in this product.
Levels for 1-propanol and isobutanol in Asturian natural cider varied widely. Mean values for 1-propanol were generally lower than those reported by Beech and Carr (1977) for English ciders made from single-variety apple juices, while those for isobutanol were higher in the Asturian natural ciders. In this sense, the existence of a strong dependence between the production of 1-propanol and the yeast strain is noteworthy. Higher levels of 1-propanol are formed by those strains unable to produce dihydrogen sulfide (Giudici and Kunkee, 1994) . It should also be noted that this dependence is lower for isobutanol and amylic alcohols (Giudici, 1993) . The positive influence of 1-propanol on the sensory assessment of foam characteristics has previously been ascertained (Mangas et al., 1999) .
1-Butanol is a varietal characteristic, this alcohol being included in the primary aroma of apples. The content present in the apple fruit decreases during the fermentation of musts; only 4.2% of the samples presented values for this alcohol higher than 10 mg/L (Table 3) . 1-Butanol contents were higher in ciders made from Asturian apples (1996 and 1998) than in those made from foreign apples (1995 and 1997) .
Methanol is not a yeast fermentation product but is cleaved from pectins. Although it is not relevant to the flavor of cider, a negative influence on the foam characteristics has recently been established in a preliminary study (Mangas et al., 1999) . The concentration of methanol differs widely between samples. The traditional cider-making process does not include a prefermentative clarification or keeving, with depectination of musts; thus, the influence of the raw material and the yeast strain on the concentration of methanol in Asturian natural cider seems evident, as observed in experimental fermentations of cider (Cabranes et al., 1997) .
Acetaldehyde is the major component among the carbonyl compounds. It is produced during the initial steps of the fermentation process and subsequently metabolized or reduced. Its concentration varied widely depending on several factors: aeration, SO 2 level, yeast strains, and nutrient levels. Spanish regulations (BOE, 1979) permit the addition of sulfur dioxide (100 mg/L, maximum) for natural cider making, but fermentation is usually carried out without SO 2 . Only two samples presented contents of acetaldehyde higher than 80 mg/ L, unpleasant from the sensory point of view. Samples from the 1996 period presented the highest values, while no significant differences were found among the other three years considered.
Another interesting characteristic found in Asturian natural cider was the relatively high concentration of ethyl acetate compared to that in French ciders. This value is usually related to the cider-making process, which in Asturias favors the increase in volatile acidity in natural cider. Compared to the French process, in Asturias the must is obtained by slow pressing (2-3 days), without the addition of yeasts or sulfite, fermentation to dryness, and maturation in barrels without air for a short period of months. In France the fermentation process is slowed to obtain a final sweet product. Furthermore, the occasional use of pectolytic enzymes for cider making in France, which reduces the concentration of esters, especially acetates (Schreier et al., 1978) , may be responsible for the lower contents found in this cider. However, the pressing technology also has an important influence on the volatile profile of ciders, as we were able to ascertain when slow and fast pressings were compared (Mangas et al., 1993) . Ethyl acetate is usually related to the rough character of some traditionally made ciders, although it is also associated with fresh and fruity aromas (ASTM, 1985) . However, as far as we ascertained by sensory analysis, there was no clear relation between the level of ethyl acetate and the acceptability of ciders.
Multivariate Analysis. A partial least-squares procedure was employed to discriminate natural ciders elaborated from Asturian cider apples (even class) from those elaborated from Galician and French apples (odd class). Multivariate regression was carried out using the defined binary response as criterion variable and the 22 chemical variables as predictor variables; two samples belonging to the E category were detected as leverage points and removed from the data matrix. A crossvalidation procedure was carried out with three groups for cancellation. The cross-validated explained variance (CVEV) showed a maximum value (71.3%) with three latent variables, the square of the multiple linear correlation coefficient (R 2 ) being 80%. The most relevant variables were as follows: succinic acid > total polyphenols > methanol > 2-phenylethanol, malic acid. Figure  1 shows two Box-Whisker plots using the PLS variable predicted by the PLSR-1 model with three latent variables. From the mathematical model computed, it is possible to discriminate between ciders made from Asturian or foreign apples, although more analyses must be made to characterize the Asturian natural ciders on the basis of the origin of the raw material. 
